Paraquat (PQ) is a non-selective contact herbicide, and acute PQ poisoning has a high mortality. The aim of the present study is to evaluate the prognostic value of hematological parameters in patients with acute PQ poisoning. We retrospectively reviewed the records of patients with acute PQ poisoning from January 2010 to December 2015 at the First Affiliated Hospital, Anhui Medical University (Hefei, China). A total of 202 patients were included in the study, and the 30-day mortality was 51.98%. Leukocyte, neutrophil counts and neutrophil-lymphocyte ratio (NLR) were significantly higher in nonsurvivors than in survivors. In the receiver operating characteristic (ROC) curve analysis, the NLR had an area of 0.916(95%CI, 0.877-0.954) and the optimal cut-off value was 10.57 (sensitivity, 86.70%; specificity, 83.51%; Youden's index, 0.702). The leukocyte counts had an area of 0.849(95%CI, 0.796-0.902) and the optimal cut-off value was 13.15 × 10 3 /mm 3 (sensitivity, 77.10%; specificity, 83.50%; Youden's index, 0.606). The neutrophil counts had an area of 0.878(95%CI, 0.830-0.925) and the optimal cut-off value was 10.10 × 10 3 /mm 3 (sensitivity, 83.80%; specificity, 79.38%; Youden's index, 0.632). NLR, leukocyte and neutrophil counts are associated with the 30-day mortality, which may be useful and simple parameters in predicting the prognosis of PQ poisoning.
Scientific RepoRts | 6:36235 | DOI: 10.1038/srep36235 neutrophil counts, whereas a decline in lymphocyte counts, were observed 13 . Recently, neutrophil-to-lymphocyte ratio (NLR) has emerged as a potent composite inflammatory marker. Among the various inflammatory indicators, NLR is a sensitive inflammatory and prognostic indicator in many diseases including sepsis 14 , stroke 15 , cardiac disorders 16 , and cancer 17 etc. Due to the similar inflammatory response in PQ poisoning, the NLR may also be used as prognostic indicator to predict mortality in patients with PQ poisoning. The aim of the present study is to investigate the prognostic value of the hematological parameters and neutrophil-lymphocyte ratio (NLR) in patients with acute PQ poisoning.
Methods
Ethics statement. This study complied with the guidelines of the Declaration of Helsinki and was approved by the Medical Ethics Committee of the First Affiliated Hospital, Anhui Medical University (Hefei, China). Since this study involved retrospective review of existing data, a waiver of written informed consent was obtained from the Institutional Review Board. All primary data was collected according to procedures outlined in epidemiology guidelines that strengthen the reporting of observational studies. Patient information was anonymized and de-identified prior to analysis.
Patients. This retrospective cohort study included 202 patients with PQ poisoning was conducted in the emergency department (ED) from January 2010 to December 2015 at the First Affiliated Hospital, Anhui Medical University (Hefei, China). Diagnosis of PQ poisoning was based on clinical history, physical and laboratory examinations, especially urine sodium dithionite screening test. The qualitative urine PQ level was determined by the commercial test kit, which produced by the Syngenta (China) Investment Co., Ltd according to the urine dithionite test 18 . Briefly, ten milliliters of urine was placed into a beaker, 2 g of sodium bicarbonate was added, and the mixture was shaken gently. One gram of sodium dithionite was added and the mixture was shaken again. The mixture was viewed against a white background and compared with the standard colorimetric plate. The results were graded according to the color: barely distinguishable blue (+ 1), light blue (+ 2), deep blue (+ 3), and black (+ 4). We defined the positive urine PQ tests as the color grade ≥ (+ 1). Patients were included in this study if they were older than 16 years of age and had urine PQ tests that showed positive. Patients were excluded from the study if the PQ exposure was limited to dermal exposure. They were also excluded if they did not have detectable PQ levels in their urine or if they had major comorbidities, such as chronic liver disease, chronic kidney disease, or diabetes. The diagnoses of major comorbidities were based on detailed clinical, physical, and laboratory examinations. All patients were managed under a standard clinical treatment protocol, which involves gastric lavage, catharsis, hemoperfusion, antioxidants, high-dose intravenous methylprednisolone and cyclophosphamide, and other treatment methods. As for hemoperfusion, patients have received 2 courses of 8 h active charcoal-containing hemoperfusion therapy with a 4 h interval within 24 h in the emergency intensive care unit (EICU). Hemoperfusion was administered through 2 femoral venous catheters at a blood flow rate of 200 mL/min. A single-use HA230 resin hemoperfusion apparatus (Zhuhai Jianfang Biotechnology Co., Ltd., Guangdong, China) was used which consisted of polypropylene housing material, cellulose, and activated charcoal adsorbent.
Data collection. All data was collected using a standard collection form, which includes the following:
(1) demographic parameters such as age and gender; (2) time interval from PQ ingestion to admit in the emergency department; (3) the estimated ingestion amount and plasma PQ level; (4) the initial vital signs including basal body temperature, heart rate, respiratory rate, and mean arterial blood pressure (MAP); (5) the laboratory parameters, including arterial pH, PaO 2 , PaCO 2 , leukocyte count, neutrophil count, lymphocyte count, platelet count, and levels of hemoglobin, albumin, bilirubin, alanine aminotransferase (ALT), blood urea nitrogen (BUN), creatinine, serum sodium, serum potassium within the first 24 h of admission; (6) Glasgow coma score (GCS), APACHE II, and SIPP score were recorded for each patient within 24 h after admission. The primary endpoint of this study was 30-day mortality. Patients were categorized into survivors or non-survivors group based on whether they survived after a 30-day follow-up.
Statistical analysis.
All of the statistical analyses were performed using SPSS 17.0 software (SPSS, Inc, Chicago, IL). Continuous variables were tested for normal distribution using the Kolmogorov-Smirnov test. Data were presented as mean ± standard deviation for normal distribution variables, or medians with range values for skewed distribution variables. The Student's t test was used for normal distribution variables, whereas the Mann-Whitney U test was used for skewed distribution variables. Categorical variables were analyzed using the chi-square test. All risk factors were assessed by univariate Cox regression analysis, and variables that showed a P value less than 0.1 were included in a multivariate analysis by applying a multiple Cox regression. Receiver operating characteristic (ROC) curves were generated by plotting sensitivity against 1-specificity with the respective areas under the curves representing the predictive power of each parameter. The optimal cut-off value was represented highest Youden index (sensitivity + specificity − 1). Accuracy rate (AR) was calculated for each cut-off value. Survival analyses were estimated using the Kaplan-Meier method and were compared using the log-rank test. P value less than 0.05 was considered to be statistically significant.
Results
Patients' characteristics. In present study, a total of 252 cases were screened from January 2010 to December 2015. Fifty cases were excluded, including 6 cases less than 16 years old of age, 10 transferred to other hospitals, 8 cases of patient discharge against medical advice, 5 cases of non-intended oral exposure, 15 cases of severe underlying diseases and 6 cases have miss data. Therefore, 202 patients were included in the analysis. The baseline characteristics of the patients are described in Table 1 . In brief, the median age of patients was 32.00 (16.00-84.00) years, and 126 (62.38%) of the 202 patients were female. The median time interval between PQ ingestion and hospitalization was 6.50 (1.00-24.00) hours. The median ingested dose of 20% PQ was 20.00 (5.00-200.00) ml. The results of qualitative urine PQ level showed that 59 patients were graded as (+ 1), 89 patients were graded as (+ 2), 32 patients were graded as (+ 3), and 22 patients were graded as (+ 4) according to the urine dithionite test. One hundred and five patients (51.98%) died within 30 days due to acute PQ poisoning. The comparisons of parameters between non-survivors and survivors are shown in Table 2 . The non-survivors were significantly older, hospitalized more quickly, and had a higher ingestion amount and plasma PQ level, mean arterial pressure (MAP), respiratory rate, creatinine, bilirubin, hemoglobin, albumin, but lower potassium levels upon admission. They also had lower partial pressures of carbon dioxide in arterial blood (PaCO 2 ), and pH in their arterial blood at the same time point. The comparisons of complete blood count (CBC) between non-survivors and survivors also showed that non-survivors had significantly higher leukocyte, neutrophil counts, and NLR values, whereas there were lower lymphocyte counts and no significant difference in platelet counts. Moreover, the comparisons of traditional scores between non-survivors and survivors also showed that non-survivors had significantly higher SIPP and APACHE II score.
Association of NLR and differential blood count with mortality. As shown in Table 3 , univariate Cox regression analysis revealed that age, time to hospitalization, estimated ingestion amount, plasma PQ level, MAP, respiratory rate, creatinine, potassium levels, hemoglobin, albumin, pH, carbon dioxide in arterial blood (PaCO 2 ), leukocyte, neutrophil, NLR, SIPP and APACHE II score were significantly associated with 30-day mortality. Simple linear regression indicated co-linearity between leukocyte counts and neutrophil counts. Therefore, leukocyte counts were not introduced into the multivariate Cox regression analyses. As shown in Table 4 , multivariate Cox proportional hazards regression analyses revealed that estimated ingestion amount, time to hospitalization, NLR and APACHE II score were independent prognostic factors for 30-day mortality.
Clinical predictors of mortality. For evaluating the prediction of NLR and differential blood count, we have used the ROC curve analysis. As shown in Table 5 and Fig. 1 , the area under the ROC curve of the NLR value was 0.916(95%CI, 0.877-0.954) and the optimal cut-off value was 10.57 (sensitivity, 86.70%; specificity, 83.51%; Youden's index, 0.702). The area under the ROC curve of the Neutrophil counts was 0.878(95%CI, 0.830-0.925) and the optimal cut-off value was 10.100 × 10 3 /mm 3 (sensitivity, 83.80%; specificity, 79.38%; Youden's index, 0.632). The area under the ROC curve of the leukocyte counts was 0.849(95%CI, 0.796-0.902) and the optimal cut-off value was 13.15 × 10 3 /mm 3 (sensitivity, 77.10%; specificity, 83.50%; Youden's index, 0.606). Moreover, a Kaplan-Meier curve was constructed to examine the relationship between NLR values and prognosis, the cumulative survival rates between patients with NLR < 10.57 (death rate 14.7%) and NLR ≥ 10.57 (death rate 85.0%) showed significant differences by using a log-rank test (Fig. 2) .
For comparison of NLR and differential blood count with traditional prognostic predictors, we evaluated the prediction of plasma PQ levels, SIPP and APACHE II scores in 30-day mortality. As shown in Table 5 , in the ROC curve analysis, the plasma PQ levels had an area of 0.885(95%CI, 0.839-0.931) and the optimal cut-off value was 2.48 μ g/mL (sensitivity, 76.20%; specificity, 90.70%; Youden's index, 0.669). The SIPP index had an area of 0.825(95%CI, 0.767-0.883) and the optimal cut-off value was 10.14 μ g/mL/hour (sensitivity, 81.90%; specificity, 74.20%; Youden's index, 0.561). The APACHE II score had an area of 0.876(95%CI, 0.828-0.923) and the optimal cut-off value was 7.50 (sensitivity, 69.50%; specificity, 90.72%; Youden's index, 0.602). These results indicated plasma PQ levels, SIPP and APACHE II scores, also could be used to predict the prognosis of 30-day mortality in acute PQ poisoning.
Discussion
Acute PQ poisoning is still a major public health problem in many developing countries, due to the high mortality and lack of effective treatment 19 . In present study, a total of 202 patients were included, the total mortality was 51.98% (105/202) during the 30-day follow-up. Generally, the severity and prognosis of acute poisoning are determined by the ingested dose. Several studies showed that plasma PQ concentrations are beneficial in predicting outcome for individuals with PQ poisoning 6 . However, serum PQ concentration detection is not available in most local hospitals, and the amount of ingestion is often difficult to estimate, particularly in patients presenting with confusion. For this reason, we sought to identify potential valuable and simple parameters for estimating prognosis of patients with acute PQ poisoning. The complete blood count (CBC) is detected in almost all patients presenting with acute poisoning to the emergency department (ED). It is important to note that the test results are usually quick, inexpensive and routinely measured. Recently, there is study showed that the leukocyte and neutrophil counts had increased, whereas the lymphocyte counts had decreased, in several types of pesticide poisoning 20 . Moreover, Leukocyte, neutrophil counts, and NLR can estimate prognosis in patients with acute poisoning 20 . However, there is little knowledge of the application of CBC in the estimating prognosis of acute PQ poisoning. In present study, our results also clearly showed that the acute PQ poisoning patients had increased leukocyte and neutrophil, whereas had decreased lymphocyte counts. Furthermore, NLR, leukocyte counts, and neutrophil counts were strong prognostic indicator for predicting 30-day mortality. To the best of our knowledge, the present study is the first study that specifically explored the prognostic value of NLR, leukocyte counts, and neutrophil counts in PQ poisoning.
Parameters
So far, the exact toxic mechanism of PQ poisoning remains unclear. However, several studies taking into account oxidative stress as the main mechanism of PQ-induced toxicity 21 . As a powerful redox cycling agent, intracellular PQ alternates the process of reduction and re-oxidation. Reactive oxygen species (ROS) are generated during this process and can cause subsequent cellular damage such as lipid peroxidation 22 . It has been reported that oxidative stress mediated disruption of CBC due to the free radicals induced chemokine production 23 . The peripheral leucocytosis is part of the more general response to stress, and neutrophil has been recognised as an early part of the inflammatory response 24 . Leukocytosis, neutrophilia, and lymphocytopenia can be detected in the acute clinical course when the oxidative stress is increased 25 . In present study, we also found that PQ could cause leukocytosis, neutrophilia, and lymphocytopenia in acute poisoning patients. Moreover, we found non-survivors had significantly higher leukocyte and neutrophil counts, whereas there was no significant difference in lymphocyte and platelet counts. Our results suggest that leukocytosis, neutrophilia, and lymphocytopenia may play a significant role in the toxicity of acute PQ poisoning.
Recently, a serial line studies have showed that the Neutrophil-lymphocyte ratio (NLR) is an indicator of prognosis in many diseases including acute poinsing 26 . NLR is a combination of these two biomarkers involved in the inflammatory process, which indicated the balance of the inflammatory and immune systems, making the NLR a useful index that reflects systemic inflammation responses. PQ has been previously reported to affect inflammatory and immune responses in vitro 27 . However, the prognostic value of NLR had not been investigated in the acute PQ poisoning patients. In the present study, we found that the non-survivors had significantly higher NLR. Table 3 . Univariate Cox regression analysis of the risk factors for 30-day mortality. Abbreviations: PQ, paraquat; MAP, mean arterial pressure; BUN, blood urea nitrogen; ALT, alanine transaminase; PaO 2 , partial pressure of oxygen; PaCO 2 , partial pressure of carbon dioxide; NLR, neutrophil-lymphocyte ratio; SIPP, the severity index of paraquat poisoning; APACHE II, the acute physiology and chronic health evaluation II score.
ROC curve analysis revealed that NLR was a strong prognostic indicator. By using a cut-off value 10.57 for NLR, sensitivity was 86.70% and specificity was 83.51% for prediction 30-day mortality. Moreover, our findings also suggested that the leukocyte and neutrophil counts had almost the same prognostic strength. ROC curve analysis for leukocyte and neutrophil counts revealed that these levels may be used for prediction 30-day mortality. By using a cut-off value 13.15 × 10 3 /mm 3 for leukocyte counts, sensitivity was 77.10% and specificity was 83.50% for prediction 30-day mortality. By using a cut-off value 10.10 × 10 3 /mm 3 for neutrophil counts, sensitivity was 83.80% and specificity was 79.38% for prediction 30-day mortality. Therefore, NLR, leukocyte and neutrophil counts may be useful and simpler parameters in assessing the prognosis of PQ poisoning.
As we known that some previous studies indicated plasma PQ levels and some traditional scores such as SIPP and APACHE II scores have good prognostic value for acute PQ poisoning 6, 8, 11 . In the present study, we also found plasma PQ levels, SIPP and APACHE II scores, were significantly higher in non-survivors than in survivors group. ROC curve analysis revealed that plasma PQ levels, SIPP and APACHE II scores, have prognostic value. By using a cut-off value 2.48 μ g/mL for plasma PQ levels, sensitivity was 76.20% and specificity was 90.70% for prediction 30-day mortality. By using a cut-off value 10.14 μ g/mL/hour for SIPP scores, sensitivity was 81.90% and specificity was 74.20% for prediction 30-day mortality. By using a cut-off value 7.50 for APACHE II score, sensitivity was 69.50% and specificity was 90.72% for prediction 30-day mortality. Therefore, plasma PQ levels, SIPP and APACHE II scores, also could be used to predict the prognosis of 30-day mortality in acute PQ poisoning, which consist with previous studies 6, 8, 11 . Moreover, the comparison of ROC analysis data of NLR with traditional prognostic markers showed that NLR may be have even better prediction efficiency than plasma PQ levels, SIPP and APACHE II scores at least in present study. Those results indicated NLR may be excellent prognostic predictor for acute PQ poisoning.
Some limitations and advantages of the present study should be addressed. Firstly, this study was conducted in a single institution, thus the results of the analysis may be subject to selective bias. However, our institution situates in middle region of China, which healthcare management also has been ranked in the middle level, therefore it could be used as a representative institution in China. Moreover, we have taken some methods to control selective bias: 1), we collected all patients' information with acute PQ poisoning from January 2010 to December Table 5 . Prediction of the mortality by ROC curve in acute PQ poisoning. Abbreviations: PQ, paraquat; AUC, area under receiver-operating characteristic curve; CI, confidence interval; NLR, neutrophil-lymphocyte ratio; SIPP, the severity index of paraquat poisoning; APACHE II, the acute physiology and chronic health evaluation II score.
2015 at our hospital, and selected with strict inclusion and exclusion criteria; 2) we have used cohort study to investigate the potential factors affecting 30-day mortality, which may ensure the survival and non-survival group patients come from the same population; 3) the sample size is relative large in the study of acute PQ poisoning, which also play important role in control selective bias; 4) last but not the least, we have retrospectively reviewed and collected the records of patients with acute PQ poisoning by two independent authors, which play important role in control of the other potential bias, such as information bias, in the present study. Secondly, we have compared the prediction of NLR and differential blood count with plasma PQ levels, and traditional scores such as SIPP and APACHE II scores, which have been indicated as good prognostic predictors for acute PQ poisoning. We found NLR, leukocyte and neutrophil counts may also be excellent prognostic predictors for acute PQ poisoning. Thirdly, several potential prognostic predictors recently have been indicated have prognostic value in acute PQ poisoning, including serum uric acid 28 , serum amylase activity 29 , plasma PTX3 30 , arterial lactate level and lactate metabolic clearance rate 7 , arterial blood gas analysis 31 , and so on. In contrast to those potential prognostic predictors, our present stduy have several advantages: 1) our results indicated NLR, leukocyte and neutrophil counts, may be have even better sensitivity and specificity by ROC analysis; 2) the complete blood count is a routine detection in hematological parameters, when patients presenting with acute poisoning to the emergency department; 3) it is important to note that the test results of complete blood count are usually quick, inexpensive and realized in almost all hospital, including local hospitals. Of course, hematological parameters, such as NLR, leukocyte and neutrophil counts, only reflect some aspects of the mechanism of acute PQ poisoning, therefore together hematological parameters with other potential prognostic biomarkers may be more reliable for evaluation the prognosis of acute PQ poisoning. Moreover, the present study was a retrospective investigation. Therefore, prospective investigations are still need to confirm those findings.
In summary, the present study shows that acute PQ poisoning can cause leukocytosis, neutrophilia, and lymphocytopenia. NLR, leukocyte and neutrophil counts have excellent prognostic value to the prediction 30-day mortality. Therefore, NLR, leukocyte and neutrophil counts may be valuable and simple parameters for evaluating prognosis in the patients with PQ poisoning.
